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Introduction
It is widely accepted that excessive noise exposure can cause 
noise-induced hearing loss (NIHL). Besides occupational 
noise exposure, recreational noise exposure is a cause for 
concern. Since the early 1980s, there has been a decrease in 
the prevalence of occupational noise exposure, while social 
noise exposure has tripled.[1] High sound levels during various 
leisure activities, such as the use of personal music players[2-7] 
and attendance at clubs[8-14] and concerts,[15-18] might pose 
risks to hearing. However, the literature regarding the 
prevalence of NIHL caused by recreational noise has revealed 
inconsistent results. Some studies reported an increase in 
the prevalence of NIHL caused by recreational noise,[19-21] 
whereas others failed to prove such an increase.[22-25] Risk 
assessment of NIHL caused by recreational noise exposure is 
complicated by the lack of nonoccupational risk criteria and 
the accumulation of noise exposure at multiple recreational 
and occupational activities. Furthermore, risk assessment is 
liable for an individual’s involvement in taking health risks, 
especially in the case of young adults. To prevent NIHL 
caused by recreational noise exposure in young adults, 
information regarding risk-taking behavior is necessary to 
adequately construct hearing conservation programs (HCPs) 
designed to induce more health-orientated behavior. 
Several theoretical frameworks exist to explain an 
individual’s risk-taking behavior, including the health 
belief model (HBM) and the theory of planned behavior 
(TPB). According to HBM,[26] the susceptibility to hearing 
loss and the seriousness of hearing loss symptoms will 
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There is great concern regarding the development of noise-induced hearing loss (NIHL) in youth caused by high sound 
levels during various leisure activities. Health-orientated behavior of young adults might be linked to the beliefs and 
attitudes toward noise, hearing loss, and hearing protector devices (HPDs). The objective of the current study was to 
evaluate the effects of attitudes and beliefs toward noise, hearing loss, and HPDs on young adults’ hearing status. A 
questionnaire and an audiological test battery were completed by 163 subjects (aged 18-30 years). The questionnaire 
contained the Youth Attitude to Noise Scale (YANS) and Beliefs about Hearing Protection and Hearing Loss (BAHPHL). 
A more positive attitude or belief represented an attitude where noise or hearing loss is seen as unproblematic and 
attitudes and beliefs regarding HPDs is worse. Hearing was evaluated using (high frequency) pure tone audiometry 
(PTA), transient evoked and distortion product otoacoustic emissions. First, mean differences in hearing between the 
groups with different attitudes and beliefs were evaluated using one-way analysis of variance (ANOVA). Second, a χ² 
test was used to examine the usage of HPDs by the different groups with different attitudes and beliefs. Young adults 
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result in taking preventive action as long as the perceived 
benefits outweigh the barriers. Additionally, triggers to 
appropriate action are necessary, such as hearing loss-related 
symptoms. However, the consequences of an individual’s 
risk behavior regarding recreational noise exposure are 
not immediately perceived[27] or are not experienced as 
serious enough.[28] Nevertheless, individuals reporting 
tinnitus and noise sensitivity are more worried about 
hearing loss and more likely to report the use of hearing 
protector devices (HPDs) than those without hearing loss-
related symptoms.[29,30] Further, individuals with permanent 
tinnitus assess listening to loud music as more risky, and 
those with occasional tinnitus listen more often to loud 
music.[31] However, attitudes and subjective norms are not 
incorporated in HBM, but are considered key aspects in the 
TPB.[32] In this latter model, attitudes regarding recreational 
noise exposure, hearing loss and HPDs, and subjective 
norms and perceived behavioral control determine 
behavioral intentions such as the intention to use HPDs. 
Perceived behavioral control relates to the perception of the 
benefits of and barriers to preventive action as well as the 
perception of self-efficacy. In adolescents, HPD usage was 
significantly correlated to the norms, barriers, and hearing 
loss-related symptoms.[33] Nevertheless, misperceptions 
of social norms related to music-listening behavior were 
previously found.[34] However, in TPB, the individual’s 
experience of behavioral outcomes that can be positive, 
such as the appreciation of loud music, or negative, such 
as having hearing loss-related symptoms that could be a 
trigger to behavioral change as well as behavioral intention 
are not identified. Therefore, a theoretical framework 
specifically constructed for recreational noise exposure was 
postulated by Widen.[33] It combines all the factors of TPB 
with barriers to behavioral change and triggers to action 
from HBM, and adds another factor “risk perception” to 
its model. Triggers, especially noise sensitivity, and norms 
and perceived behavioral control are negatively associated 
with attitudes, whereas the barriers against using HPDs are 
positively associated with attitudes. 
Using these theoretical frameworks, it would be possible 
to identify important factors related to risk-taking behavior 
in young adults. The identified factors can then be used to 
optimize HCPs targeting young adults. Currently, HCPs 
provide information regarding the effects of hearing loss and 
knowledge concerning the availability and use of HPDs.[35] 
However, this might not be enough since some campaigns 
are found to induce a certain behavioral change,[36] while 
others do not have such an effect.[37,38] 
Furthermore, to our knowledge, young adults’ hearing status 
in relation to the attitudes toward recreational noise exposure 
and beliefs regarding the susceptibility to and seriousness 
of hearing loss, the benefits of and barriers to using HPDs 
and norms have not yet been evaluated. The hypothesis is 
that young adults with more problematic health-orientated 
attitudes and beliefs use HPDs infrequently and already 
have a more deteriorated hearing status than other young 
adults. 
Therefore, the purpose of the current study was to investigate 
the effects of the attitudes and beliefs regarding noise, hearing 
loss, and HPDs on young adults’ hearing as measured by 
(high frequency) pure tone audiometry (PTA) and evoked 
otoacoustic emissions (EOAEs). 
Methods
Subjects
Hundred and sixty three subjects (127 females, 36 males) 
with age ranging 18-30 years (mean: 21.23 years, standard 
deviation (SD): 2.89 years), gathered through convenience 
sampling, voluntarily participated in the study. First, a 
questionnaire regarding the attitudes and beliefs toward 
noise, hearing loss, and HPDs during recreational activities 
was filled out by all the subjects. Second, the hearing status 
of all the subjects was evaluated during a single session in 
a double-walled sound attenuated booth. Before testing, a 
noise free period of at least 24 h was required. Otoscopic 
evaluation, admittance measures, PTA at conventional and 
extended high frequencies, and EOAEs were performed. Both 
ears were tested, but only one ear per subject was selected at 
random for statistical analysis.
The study design and all the procedures of the current 
study were approved by the local ethical committee. All the 
subjects received detailed information with regard to this 
study and only those agreeing with the informed consent in 
accordance with the statements of the Declaration of Helsinki 
participated in the study. 
Questionnaire
The questionnaire was designed based on the available 
literature regarding the assessment of noise exposure during 
recreational activities among youth, and their attitudes 
and beliefs regarding noise exposure, hearing loss, and 
HPDs.[2,30,39,40] The translated preliminary version of the 
questionnaire was pretested by a semi-structured interview-
based assessment on a group of young adults not included 
in the current study. Their responses were analyzed, and 
the questionnaire was refined.[41] The final version of the 
questionnaire contained five parts. 
The first part consisted of questions regarding the subjective 
assessment of hearing and hearing loss symptoms. Further, 
the knowledge and concern regarding NIHL caused by 
recreational noise exposure were explored. In the second and 
third parts of the questionnaire, sources, participation in and 
loudness estimation of recreational noise exposure, and the 
use of personal music players were questioned. These results 
are presented elsewhere.[42] In the fourth part, the attitudes 
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and beliefs regarding noise, hearing loss, and HPDs were 
evaluated by modified versions of the Youth Attitude to Noise 
Scale (YANS) and the Beliefs about Hearing Protection and 
Hearing Loss (BAHPHL).[41] Finally, in the demographic part, 
questions regarding gender, age, education or profession, and 
parental employment were added. 
The modified YANS consisted of 19 items assessed using a 
five-degree Likert scale from “totally disagree” to “totally 
agree”, coded from one to five.[41] A higher score on the 
YANS indicated a more positive attitude representing an 
attitude where noise is seen as unproblematic. All items 
were categorized in four subscales representing the attitudes 
toward noise associated with elements of youth culture (eight 
items), the ability to concentrate in noisy environments (three 
items), daily noise (four items), and the intent to influence the 
sound environment (four items).[30] To enhance the reliability 
of the fourth factor,[41] items 3 and 19 were reformulated as: 
“I am prepared to make my environment quieter if I have to 
study or work” and “When I cannot get rid of sounds that 
bother me, I become agitated.”
The modified version of the BAHPHL questionnaire consisted 
of 24 items, which were reformulated focusing on youth 
and HPD usage during recreational noise exposure.[41] The 
items were categorized into seven subscales: susceptibility 
to hearing loss (six items), severity of the consequences of 
hearing loss (three items), benefits of preventive action (three 
items), barriers to preventive action (four items), behavioral 
intentions (three items), social norms (two items), and 
self-efficacy (three items). Consistent with YANS, the items 
were evaluated by a five-degree Likert scale; the higher the 
score, the more positive the subjects’ attitudes and beliefs 
regarding hearing loss and HPDs.
The quartiles of the scores on (subscales of) YANS and 
BAHPHL were used to categorize the subjects’ attitudes and 
beliefs into a negative (lower quartile) group, a neutral (two 
middle quartiles) group, and a positive (upper quartile) group. 
Subjects with more anti-noise, neutral and pro-noise attitudes 
and beliefs were categorized into the negative group, neutral 
group, and positive group, respectively. 
Admittance measures
Tympanometry was performed with an 85 dB sound pressure 
level (SPL) 226 Hz probe tone. Ipsilateral and contralateral 
acoustic stapedial reflexes were registered at 1.0 kHz 
(TympStar, Grason-Stadler Inc., Minnesota, USA). All 
the participants had normal immittance values and present 
acoustic stapedial reflexes that were used as inclusion criteria 
in the study.
Audiometric evaluation
PTA was performed using the modified Hughson-Westlake 
method for air conduction thresholds at conventional octave 
frequencies 0.25 kHz to 8.0 kHz and half-octave frequencies 
3.0 kHz and 6.0 kHz (Orbiter 922 Clinical Audiometer, 
MADSEN Eletronics, Taastrup Denmark). Furthermore, 
extended high frequency audiometry was measured at 10.0 
kHz, 12.5 kHz, and 16 kHz using a HDA 200 headphone 
(Sennheiser, Connecticut USA). 
OAEs
Transient evoked OAEs (TEOAEs) and distortion product 
OAEs (DPOAEs) were measured using the ILO 292 USB 
II module (Otodynamics Ltd., Hatfield UK), coupled with 
a laptop with ILOv6 software (Otodynamics Ltd., Hatfield 
UK). The DPOAE probe was used for all OAE measurements 
and was calibrated before each measurement using the 1-cc 
calibration cavity provided by the manufacturer. 
The nonlinear differential method of stimulation was used 
for TEOAE measurements. Rectangular pulses of 80 µs at a 
rate of 50 clicks per second were delivered at an intensity of 
80 ± 2 dB peSPL. The registration of TEOAEs was terminated 
after 260 accepted sweeps with a noise rejection setting of 
4 mPa. Emission and noise amplitudes were calculated in 
half-octave frequency bands centered at 1.0 kHz, 1.5 kHz, 
2.0 kHz, 3.0 kHz, and 4.0 kHz. A probe stability of 90% or 
better was needed, and TEOAEs were considered present if 
the signal-to-noise ratio (SNR) was at least 3 dB at each half-
octave frequency band separately or across frequencies. 
DPOAEs were measured with the simultaneous presentation of 
two primary tones, with primary tone level combination L1/L2 
= 65/55 dB SPL at eight points per octave. The ratio of primary 
tone frequencies f2/f1 equaled 1.22, and f2 ranged 0.841-8.0 
kHz. A noise artefact rejection level of 6 mPa was used and the 
whole frequency range was looped until the noise amplitude 
fell below -5 dB SPL at individual frequencies. DPOAEs were 
considered present when SNR at all individual frequencies 
was at least 3 dB. The emission and noise amplitudes present 
were averaged into half-octave frequency bands with center 
frequencies 1.0 kHz, 1.5 kHz, 2.0 kHz, 3.0 kHz, 4.0 kHz, 6.0 
kHz, and 8.0 kHz. If DPOAEs were absent at all frequencies 
within a given half-octave band, emission and noise amplitudes 
were considered missing in that frequency band. 
Data analysis
Statistical analysis was performed using SPSS version 22 
(IBM Corp., New York, USA). First, one-way analysis of 
variance (ANOVA) was used to evaluate the mean differences 
in hearing between the groups with negative, neutral, and 
positive attitudes and beliefs. When the significance level was 
reached (P < 0.05), post hoc least significant difference (LSD) 
with Bonferroni correction was done between the groups of 
interest, i.e., negative versus positive, and neutral versus 
positive attitudes. Second, 2 × 3 contingency tables using 
a χ² test were used to evaluate whether the usage of HDPs 
differed between the three groups with different attitudes and 
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beliefs. When the significance level was reached (P < 0.05), 
χ² test with Bonferroni correction of 2 × 2 tables was carried 
out on the groups with negative versus positive, and neutral 
versus positive attitudes.
Results
Table 1 reflects the mean and standard deviations (SDs) of 
the scores on (subscales of the) YANS and BAHPHL as well 
as the range of scores for the groups with negative, neutral, 
and positive attitudes and beliefs regarding noise, hearing 
loss, and HPDs. Concerning the subscales of YANS, the 
highest average score was found for the attitudes regarding 
daily noise, whereas the lowest average score was related to 
the attitudes intending to influence the sound environment. 
Thus, young adults regard daily noise in their environment as 
unproblematic while they intend to reduce their environmental 
sound levels. For the subscales of BAHPHL, the lowest and 
highest average scores were found for the beliefs related to 
the severity of consequences of hearing loss and the beliefs 
related to social norms, respectively. This indicates that 
young adults are well aware of the effects of hearing loss 
while the perceptions about norms are less important. 
With regard to the research question, we evaluated whether 
young adults' hearing status measured using PTA and 
EOAEs, depends on more problematich health-orientated 
attitudes and beliefs. 
First, for PTA, there were significant mean differences in hearing 
thresholds at 6.0 kHz (F2, 160 = 6.52, P < 0.01) between the 
groups on the scores for the entire YANS. Hearing thresholds 
increased significantly by 5.68 dB on an average in the group 
representing a positive attitude toward noise as compared to 
the group with a negative attitude [Figure 1]. Young adults 
with attitudes where noise is seen as unproblematic have 
worse hearing thresholds than adults with the attitudes where 
noise is regarded as problematic. Also, for the YANS subscale 
related to the intent to influence sound environment, there 
was a significant increase in mean hearing thresholds at 4.0 
kHz (F2, 160 = 4.27, P < 0.025) with 5.25 dB and 2.55 dB for 
the groups with negative or neutral attitude on the one hand, 
and positive attitude on the other hand, respectively. For the 
BAHPHL subscale related to barriers to preventive action, 
there was a significant increment in mean hearing thresholds 
at 1.0 kHz (F2, 160 = 6.05; P < 0.01) and 2.0 kHz (F2, 160 = 
4.42; P < 0.01) of 3.58 dB and 3.39 dB for the subjects with 
negative versus positive attitudes and beliefs. Further, subjects 
with neutral attitudes and beliefs at this factor of BAHPHL 
had significantly higher hearing thresholds on an average of 
2.54 dB at 2.0 kHz (F2, 160 = 4.42; P < 0.025) compared to 
those with positive attitudes [Figure 2]. This indicates that 
young adults with strong barriers to hearing protection during 
recreational noise exposure have worse hearing than other 
young adults. 
For TEOAE amplitudes, groups with negative versus positive 
attitudes at the entire YANS had a significant mean decrease of 
Table 1: For the YANS and BAHPHL, the mean, SD, and range of scores of attitudes and beliefs (n = 163) are reflected 
Questionnaire Subscales Mean SD Groups of attitudes and beliefs
Negative Neutral Positive
YANS Elements of youth culture 2.44 0.64 1.13-1.87 1.88-2.87 2.88-4.38
Concentration in noisy environments 2.60 0.89 1.00-1.99 2.00-2.99 3.00-5.00
Daily noise 3.33 0.77 1.75-2.74 2.75-3.99 4.00-5.00
Intent to influence sound environment 1.91 0.66 1.00-1.24 1.25-2.24 2.25-4.25
Entire YANS 2.54 0.47 1.37-2.25 2.26-2.78 2.79-4.26
BAHPHL Susceptibility to hearing loss 1.72 0.50 1.00-1.32 1.33-1.99 2.00-3.17
Severity of the consequences of hearing loss 1.51 0.56 1.00-0.99 1.00-1.6 1.67-4.00
Benefits of preventive action 1.84 0.62 1.00-1.32 1.33-2.32 2.33-4.00
Barriers to preventive action 3.00 0.77 1.00-2.49 2.50-3.49 3.50-4.75
Behavioral intentions 2.94 1.10 1.00-1.99 2.00-3.99 4.00-5.00
Social norms 3.33 0.96 1.00-2.99 3.00-3.99 4.00-5.00
Self-efficacy 2.94 0.79 1.00-2.32 2.33-3.32 3.33-5.00
Figure 1: Hearing thresholds for subjects with different attitudes 
for the entire YANS 
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3.09 dB at half-octave frequency band 1.5 kHz (F2, 159 = 3.21, P 
< 0.025). Thus, if noise is seen as unproblematic, worse TEOAE 
amplitudes are found [Figure 3]. Moreover, mean TEOAE 
amplitudes decreased significantly by 2.81 dB in subjects with 
neutral versus positive attitudes for the YANS factor related to 
concentration in noisy environments at half-octave frequency 
band 1.5 kHz (F2, 159 = 4.51, P < 0.01). No significant mean 
differences in TEOAE amplitudes were found between the 
groups of different attitudes and beliefs at BAHPHL. 
Mean DPOAE amplitudes between the group with a neutral 
attitude and the group with a positive attitude decreased 
significantly for the YANS factor related to concentration in 
noisy environments by 2.33 dB and 3.09 dB on an average 
at half-octave frequency bands 1.0 kHz (F2,159 = 4.10, 
P < 0.01) and 2.0 kHz (F2,159 = 5.07, P < 0.01), respectively. 
This is illustrated in Figure 4. No significant mean differences 
in DPOAE amplitudes were found between the groups of 
different attitudes and beliefs at BAHPHL. 
Second, the χ² test revealed significant results of the usage of 
HDPs between the three groups with different attitudes and 
beliefs at several subscales of YANS and BAHPHL. Young 
adults with more health-orientated attitudes and beliefs regarding 
noise, hearing loss, and HPDs use HPDs more often than other 
young adults. As reflected in Table 2, the odds ratio (OR) ranged 
2.70-23.04. Thus, HPDs are at least 2.70 times more used by 
adults with more negative or neutral attitudes and beliefs. 
Discussion
Young people expose themselves voluntarily to loud music 
in many of their daily activities, by using their personal music 
Figure 2: Hearing thresholds for subjects with different attitudes 
at the BAHPHL subscale related to the barriers to preventive 
action 
Figure 3: TEOAE amplitudes for subjects with different attitudes 
for the entire YANS
Table 2: Differences in the use of HDPs between the groups 
with different attitudes and beliefs for YANS and BAHPHL 
are reflected (n = 163) 
Questionnaire Subscales Negative vs 
positive
Neutral vs 
positive
YANS
Elements of youth 
culture
χ² (1)=6.641; 
P<0.025
OR=4.21
NS
Concentration in a 
noisy environment NS
χ²(1)=7.484;  
P<0.025
OR=2.70
Daily noises NS NS
Intent to influence 
sound environment NS NS
Entire YANS NS NS
BAHPHL Susceptibility to 
hearing loss NS NS
Severity of the 
consequences of 
hearing loss
NS NS
Benefits of preventive 
action NS NS
Barriers to preventive 
action NS
χ²(1)=6.149;  
P<0.025
OR=3.08
Behavioral intentions
χ²(1)=26.741; 
P<0.001
OR=23.04
NS
Social norms NS NS
Self-efficacy
χ²(1)=15.640; 
P<0.001
OR=10.56
χ²(1)=16.733; 
P<0.001
OR=4.30
NS = Nonsignificant results, ORs = Odds ratios
player individually as well as in groups in discotheques, 
nightclubs, concerts, festivals, etc.[43] This behavior is risky 
since acquiring hearing damage during these recreational 
activities is possible. Several theoretical frameworks are 
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constructed to explain risk-taking behavior. The most 
recent model specifically constructed for recreational noise 
exposure combines all the factors of TPB,[32] that is, attitudes, 
subjective norms, and perceived behavioral control, with 
barriers to behavioral change and triggers to action from 
HBM[26] and risk perception.[33] Information regarding these 
factors in young adults is important as it can optimize HCPs 
designed to induce more health-orientated behavior. In the 
literature, some of these factors are questioned in several 
populations in relation to confounding variables such as 
gender, cultural differences, and socioeconomic status,[30,44,45] 
or are used to evaluate the effectiveness of a preventive 
campaign.[36] However, to our knowledge, this is the first 
study that evaluates young adults’ hearing status in relation 
to all suggested variables.[33] Therefore, it is hypothesized 
that young adults with more problematic health-orientated 
attitudes and beliefs use HPDs infrequently and already have 
a more deteriorated hearing status. 
In the current study, YANS and BAHPHL were used to 
evaluate young adults’ attitudes toward recreational noise 
exposure, their beliefs regarding the susceptibility to hearing 
loss, the seriousness of hearing loss, the benefits of and 
barriers to using HPDs and norms.
First, it was found that our subjects had a less problematic 
attitude regarding noise exposure based on YANS than the 
subjects from the studies of Widen et al.[30,46] and Gilles et al.[47] 
It was hypothesized that information and knowledge can 
explain such variation between studies. Further, significant 
deterioration in hearing thresholds, TEOAE, and DPOAE 
amplitudes was found for the scores on the entire YANS, 
and subscales associated with the ability to concentrate in 
noisy environments and the intent to influence the sound 
environment. Thus, it can be concluded that young adults 
with more problematic attitudes regarding noise exposure 
have already significant hearing damage in comparison to 
those with more negative or neutral attitudes. Since self-
experienced symptoms, especially noise sensitivity,[33] are 
negatively associated with attitudes toward noise,[46] HCPs 
should provide information and knowledge on symptoms 
associated with excessive noise exposure. 
Second, based on BAHPHL, it was found that the severity 
of consequences of hearing loss are on an average more 
negatively assessed, indicating that subjects are aware of 
reduced communication skills associated with hearing loss. 
In contradiction, the barriers to preventive action as well 
as behavioral intentions are on an average more positively 
evaluated. Thus, being aware of the consequences of hearing 
loss is not directly related to behavioral change. Moreover, 
it was found that hearing thresholds worsened significantly 
with positively evaluating barriers to preventive action. 
Experiencing more barriers wearing HPDs, such as a 
perceived pressure on the ears, uncomfortable feeling of the 
HPDs, being annoyed with having to wear HPDs as well as 
the impression to be less communicative lead to the reduced 
likelihood of taking preventative action.[27] This was confirmed 
by the current results whereby young adults with more health-
orientated attitudes and beliefs regarding noise, hearing loss, 
and HPDs use HPDs significantly more often than others. 
This was seen for the attitudes as well as factors related to the 
barriers to preventive action, perceived behavioral control, 
and risk perception. Concerning the barriers against using 
HPDs, the comfort, appearance, and communication skills 
while using HPDs are found to be important;[48] therefore, 
the design, appearance, marketing, and packaging of HPDs 
should target young adults specifically.[49] 
Considering the relation found between the attitudes and 
beliefs on the one hand, and the hearing status or use of HPDs 
on the other hand, the proposed model of Widen contains all 
the factors that could explain a certain amount of risk-taking 
behavior in young adults.[33] It is a challenge for health care 
providers to optimize HCPs based on those factors to induce 
behavioral change at an individual level, which is currently 
not always seen.[37,38] Further, as previously stated, behavioral 
change in norms on a societal level should also be aimed 
for.[33] 
Regarding the audiological test battery, significant 
differences in hearing thresholds were found on conventional 
test frequencies, but not at extended high frequencies. 
Nevertheless, there was a tendency for increased mean 
thresholds in subjects with a more positive attitude regarding 
noise exposure. However, the large variability experienced 
at these extended high frequencies probably prevented 
significant results. Therefore, the role of extended high-
frequency audiometry for the early detection of NIHL 
Figure 4: DPOAE amplitudes for subjects with different 
attitudes for the YANS subscale related to concentration in noisy 
environments
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remains questionable.[50,51] Second, significant differences 
in TEOAE amplitudes were found at half-octave frequency 
band 1.5 kHz and DPOAE amplitudes at half-octave 
frequency bands 1.0 kHz and 2.0 kHz. The former is lower 
than the decline on TEOAE amplitudes at 2.0 kHz found by 
Mansfield et al.,[52] which was explained by a boost in this 
frequency region caused by the resonance of ear canal and 
ossicular chain.
Conclusion
In conclusion, young people’s attitudes and beliefs regarding 
noise, hearing loss, and HPDs have a significant impact on 
their hearing status as measured with PTA and EOAEs as well 
as the use of HPDs. Therefore, HCPs for young adults should 
provide information on self-experienced symptoms after 
recreational noise exposure, besides providing information 
and knowledge regarding noise exposure, hearing loss, and 
HPDs. Moreover, barriers against the use of HPDs should 
be discussed in HCPs and efforts should be undertaken 
concerning the design, appearance, marketing, and packaging 
of HPDs for young adults. However, more research is needed 
to evaluate how other specific factors relate to risk-taking 
behavior with regard to recreational noise exposure, and 
how these can be targeted, e.g., norms on a societal level. 
Moreover, the effectiveness of HCPs by inducing attitudinal 
and behavioral changes and preventing further hearing 
deterioration caused by recreational noise exposure in young 
adults should be investigated. Finally, the prevalence of NIHL 
and tinnitus due to recreational activities in a representative 
sample of young adults should be evaluated. 
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